Abstract. The broad availability of mobile computing devices has prompted the apparition of social media applications that support teaching and learning. However, so far, there is conflicting evidence as to whether the benefits such applications provide in terms of engagement and interaction, outweigh their potential cost as a source of distraction. To help in clarifying these issues, the present paper presents a case study on the impact of using SpeakUp (an app aimed at promoting student participation through anonymous chatrooms) in an authentic face-to-face learning scenario. Concretely, we focus on the connection between SpeakUp and the student engagement, distraction, social interaction, and the influence of the teachers' style. Our findings highlight that SpeakUp favored students' engagement and social interaction, but they also point towards its limitations in keeping students communicating about content relevant to the course.
Introduction
Multiple social media applications are appearing to support teaching and learning, leveraging the broad access to mobile devices (e.g., in "bring your own device" approaches). However, there is conflicting evidence on whether the use of mobile technologies in the classroom is positive (e.g., improving student participation) [33] or negative (e.g. distracting students due to multitasking) [28, 35] .
In this context, we are interested in studying how to use social media effectively in the classroom. This paper focuses on the pedagogical use of SpeakUp, a mobile app aimed to promote student participation in face-to-face sessions. In SpeakUp, students can anonymously join chatrooms, post messages and vote on them.
Since the mere introduction of social media in educational contexts does not ensure a positive effect, this paper analyses the impact of SpeakUp in an authentic learning scenario carried out with first-year (bachelor) university students. In particular, this paper explores the following research question: does SpeakUp favor situations that lead to learning? To answer this question, we structured the study according to the following topics: active participation [25] (i.e., engagement), attention [17] (i.e., remaining on-task), and social interaction [6] (on relevant content).
The CSCL-EREM framework [19] guided the formalization of this case study, as well as the data gathering and analyses, leading us to use multiple informants (students, teachers, researchers and the technology used), different data gathering techniques (observations, questionnaires, SpeakUp logs, and user comments in the app), and mixed methods analyses, including: student attendance to the session, teacher and student participation face-to-face and via SpeakUp, content of the comments, as well as teacher and student perceptions about the impact on engagement, attention and interaction.
The paper is structured as follows: Section 2 reviews previous research on the usage of social media for educational purposes; Section 3 introduces the SpeakUp app and its main functionalities; Section 4 describes the research methodology followed in the present case study, while Section 5 details the main results of the data analyses and that are later discussed in Section 6 together with the main conclusions and the future work.
Related work
Historical overview. Social interaction in the classroom is considered by numerous researchers as a conditio sine qua non for learning [8, 21] . Providing learners with a digital channel for interaction can be traced back to the 80's when IBM started to experiment with student interaction systems [16] . Many of these systems are based on reactive interaction where teachers can conduct live polling by asking multiple choice questions and students answer by pressing a button on a clicker. Studies on clickers show that they can foster more participation in the classroom, and that students generally have a positive attitude towards them (e.g., [3, 9, 32, 34] ). On top of the reactive channel, some systems provide a proactive channel, where students can post questions and comments. With the rise of mobile devices, systems also started relying on the students' own devices. An early effort in this direction was the TXT-2-LRN [29] mobile system, with which students could send free-form SMSs to the teachers.
Students' perceptions. More recently, systems also include a social media layer, where students can vote and comment on each other's contributions (e.g., ClassCommons [7] , Fragmented Social Mirror [2] , Pigeonhole Live [11] , Backchan.nl [13] , or SpeakUp [14, 15] ). Mainstream social media, such as Twitter [26, 27] and Reddit, are also popular when attempting to foster interaction between speakers and their audience in both conferences and classrooms. Research investigating the use of such social media applications in the classroom generally concludes that students perceive such systems as positive and that they feel it increases interactivity [1, 2, 9, [13] [14] [15] 29] . Furthermore, students often prefer to use a digital channel to interact instead of raising their hand [29] .
Teachers' opinions. The Pearson education service company conducted a survey with 7969 U.S. higher education teachers to better understand the bigger picture of the social media usage by teachers [30] . The survey finds that teachers are generally aware of social media and they are using it in their private lives (70.3% of faculty use it at least once per month). The use of social media in the classroom lags behind the usage in their personal lives (41.0%) but is increasing every year. Teachers see social media and technology as having a "considerable potential" for learning. However, 56.0% of teachers also consider that social media in class can be more distracting than helpful.
Potential shortcomings. The issue of distraction and multitasking in education is receiving increased attention, with conflicting results so far. Certain research suggests that laptop multitasking hinders learning for both users and nearby peers [28] , and that providing slides to students can affect performance adversely [22, 35] . On the other hand, researchers also argue that it is possible to take advantage of social media in the classroom by embracing multitasking, which students seem to able to effectively do in the classroom [20, 36] . A recent meta-analysis on the use of mobile devices in the classroom nuances these claims and shows a moderate positive learning effects [33] .
This paper aims at better understanding whether, and under what circumstances, social media usage in the classroom may have a positive impact.
SpeakUp
SpeakUp is a social media app designed to foster participation in co-located situations where such interaction is difficult, either within the audience or between the speaker and the audience (e.g., a university lecture with a large number of students, or a conference). In a typical usage scenario with SpeakUp, teachers create a chatroom that students can join by typing its number as shown in Figure 1 .1. Note that any user can join such rooms without login or registration (enabling an immediate use of the app). Inside the chatroom, any user can post text messages, comment on existing messages, and vote them (up or down, see Figure 1 .3). Each message has a score, which shows the difference between the number of upvotes and downvotes. For instance, the top message in Figure 1 .3 has a score of -1 and the bottom message a score of +3. The chatroom creator, i.e., the teacher, can create multiple choice messages (Figure 1 .2) for students to answer. Inside the chatroom messages are sorted either by time or by score.
Furthermore, in the chatroom all users are anonymous, thus fostering the expression of more uninhibited points of view. This implies that users interact, not directly with one another, but rather on the basis of the content posted by the different anonymous users.
Classroom interaction in a lesson using SpeakUp can occur along the face-to-face (f2f) channel (i.e., teachers and students interacting orally), as well as along a digital channel (i.e., posting comments and voting on SpeakUp). There can also be transitions from one channel to the other. For instance, a teacher can instruct students to answer a poll on SpeakUp, or explicitly ask students to post messages on SpeakUp. Conversely, questions posed by students on SpeakUp, can be answered by teachers orally.
Methodology
The present study is framed within a wider research effort whose general goal is to understand how social media can be used effectively in the classroom. Towards this aim, several exploratory studies have been performed in the past on the use of SpeakUp in classrooms [14, 15] , in which SpeakUp was deemed easy to use, and motivating for students to participate more in lectures. In turn, the present study is the first of a series in which we aim to evaluate the effectiveness of SpeakUp to foster learning in more details using authentic educational settings [5] . We also aim to assess its potential role in the distraction of students, and its relations with various teaching strategies and styles.
This concern with deep evaluation of a social learning tool has led us to use a case study methodology [31] , structured using the Computer Supported Collaborative Learning -Evaluand Oriented Responsive Evaluation Model (CSCL-EREM, see [19] ) framework. This framework was designed specifically to evaluate the impact of TEL interventions, especially in authentic settings. Hereafter, we discuss the research issue and topic, the data sources, and the data analyses (see Figure 2 ). Research issue and topics. Guided by this framework, we organised the perspective of the case study around the definition of an issue. An issue can be understood as a troubling choice, a tension, an organizational perplexity or a problem. In this case study, the main issue is defined as: does SpeakUp favor situations that lead to learning, such as active participation (i.e., engagement), attention (i.e., focus on-task), and social interaction (on relevant content)? Then, following an anticipated data reduction procedure (common in qualitative data analysis [24] ), this issue is illuminated by answering a number of informative questions, clustered around four topics (see Figure 2 ). These topics are related to the users' active participation and engagement with the tool (T1), its effects on attention (i.e., focusing vs. distracting from the lesson topic, T2), and on the classroom social interactions (T3). Finally, another topic explores the interactions of teacher actions and style with the different kinds of SpeakUp usage (T4).
Data gathering, informants and data sources. We use a mixed method approach [10, 4] combining quantitative and qualitative data coming from four types of informants (two teachers, 145 students, one observer, plus the SpeakUp logs) using different data gathering techniques: questionnaires, logfile analysis, observations, video recordings, and student contributions in SpeakUp. This mixed methods approach is commonly used in TEL research [18] and promoted by the CSCL-EREM methodology in order to obtain different perspectives about the evaluand (the object of the evaluation, in our case the use of SpeakUp in the lesson), thus enriching the evaluation process.
Data analysis. Different quantitative (descriptive statistics and exploratory computational analyses) and qualitative analyses (manual coding of the messages generated by the users, see below) have been performed on the data. Then, the results from these analyses were triangulated [12] to increase the trustworthiness of our findings.
In order to better understand the aforementioned aspects of engagement, attention and social interaction, we manually coded all the messages and comments generated during the lesson, into two main categories: Messages that are relevant for learning and messages not relevant for learning, similarly to previous studies on SpeakUp [14] . We further divided these main categories in four sub-categories, inspired by those proposed by McCarthy [23] : the relevant message were divided into content related messages (i.e., questions or comment about the content of the course), organisation related messages (i.e, messages related to team and course organisation), SpeakUp related messages (i.e, messages discussing SpeakUp itself) and miscellaneous messages (i.e, messages such as greetings and policing). Non-relevant messages were also divided into content-related (i.e., messages that discuss course content but are not relevant to learning), SpeakUp related (i.e., not relevant messages related to the use of SpeakUp) and miscelleanous messages. We also added a social message category (i.e., non-relevant messages about people) and a bullying message category (i.e., non-relevant messages with negative social connotations). Figure 3 shows examples of messages in each category. Furthermore, each message was also labeled as comment, answer or question, and tags were also added about the direction of the interaction: students to teachers, students to students, students to all, and teachers to students.
In a similar way, and in order to understand these topics as they occurred in the face-to-face channel of the classroom, the video recording of the lesson was also coded, according to the following categories: Which actor was speaking at each moment during the lesson (e.g., each of the three teachers present, or one of the students); what action was being performed at that moment (e.g., presentation/lecturing, asking questions, providing answers, noting technical or other kinds of problems); who was the target of the interaction, if any (e.g., a teacher, students, or all the class); and finally, what supporting resources were being used, if any (e.g., slides, videos, SpeakUp). 
Case Study
The different quantitative and qualitative sources detailed in Section 4 were analysed and triangulated to illuminate the issue and topics addressed in the case study. This section presents the results obtained after presenting the context in more details.
Context
The case study took place in the first lecture of a Communication course at theÉcole Polytechnique Fédérale de Lausanne in Switzerland. In this, which lasted for 90 minutes, 145 students (38 female) were present. This Communication course, which discusses different kinds of communication channels, social media platforms and technologyenhanced learning, is part of the Global Issues program, which aims at introducing first-year undergraduate engineering students to interdisciplinary topics and soft skills. A particularity of the programme is that each course is taught by an interdisciplinary research team covering engineering and social science expertise. In this communication course, the teaching team was composed of three lecturers with expertise in social media, information systems, behavioral sciences and management.
The lecturers were familiar with the usage of social media in the classroom, as they had already used social media apps such as Twitter or SpeakUp in their practice. To understand the attitude of students towards technology, we conducted a voluntary questionnaire at the beginning of the session (based on 7-point Likert scale questions). The respondents (N=140) considered that technologies are useful in the classroom (average Likert score µ = 5.57) and there should be more interaction in the courses (µ = 4.62). Many students asserted that they feel quite free to express what they think in class (µ = 4.60), but also that they often have questions that they do not ask (µ = 4.52). Furthermore, students had a variety of opinions on whether anonymity could be important in order to express what they think during the courses (µ = 4.09).
During this course, SpeakUp was introduced as a communication channel with students to increase interaction, but it also had another pedagogical purpose: since the course deals with communication channels, social media and TEL, SpeakUp would provide students with hands-on experience of many of the subjects studied in class.
Student engagement (Topic 1)
Teachers, via the [T QUE] questionnaire, perceived the app as engaging for the students (µ = 5 in a 5-point Likert scale). The teachers pointed out that the main aspects triggering the high engagement could be the possibility of getting responses quickly without being exposed to the whole audience, the anonymity, the potential to know and react on what others think, as well as the opportunity to interact with everyone.
As an overview, if we compare the number of students attending the session (145) [R OBS] with those joining the SpeakUp chatroom (147) [SP LOG], we may infer that almost everyone used the tool, even though such use was not compulsory. The number of students registered in SpeakUp was higher than the actual students participating in the face-to-face session, due to the fact that some students started using the app from their phone, and then switched to using it from their computer [R OBS]. Figure 4 shows how much teachers and students participated face-to-face and via SpeakUp throughout the session (from 16:15 to 18:00). Face-to-face activity is measured in minutes of active participation extracted from the video [R VID]. Concretely, in the face-to-face channel, teachers were speaking for about 77 minutes and students 11 minutes. In the case of SpeakUp, the participation is measured according to the number of actions [SP LOG], obtaining a total of 51 and 3841 actions carried out by teachers and students respectively. Looking at Figure 4 we can identify a certain connection with the events happening face-to-face [R OBS, R VID]. For example, although the teachers used SpeakUp from the very beginning of the lesson (e.g., adding welcome messages), the app was presented to the students around 16:35, reason why the students started using it later. Then, there was a break of 15 minutes in the session at 17:10, but students continued using the app during this period. Besides, the main peaks of activity correspond to moments in which teachers asked explicitly to use the app in order to answer a poll (e.g., around 17:15) or to write down some ideas about certain topics. Based on the user activity (e.g., number of posted messages, number of likes and dislikes, etc.) [SP LOG], we have carried out a bottom-up clustering analysis (using a kmeans clustering algorithm with k=6, chosen in terms of within-groups sum of squares), leading to the kinds of users detailed in Table 1 . These clusters include large groups of students with low amounts of active usage of SpeakUp (e.g., "Passive"), but also smaller clusters of students with very peculiar engagement patterns (e.g., "Very proactive", which create a large number of messages and votes; or "Super-active voters", who do an unusual amount of voting -especially dislikes -, and very little else). 
Student attention (Topic 2)
From the teachers' perspective [T QUE], SpeakUp had no clear impact on the student attention (µ = 3 in a 5-point Likert scale). They found that although SpeakUp enabled an open channel for topics which might not be related to the course, the app took up one screen of the students' devices, increasing the chances of gathering focused and distracted students. Besides, teachers considered that it might be hard for students to pay attention to both the face-to-face and SpeakUp channels simultaneously. A minority of students considered that the app did distract them (18.4%, N=65, [S QUE] see Figure 5 , left). However, among student comments [S COM], only 30.7% of the messages (out of a total of 322) were categorised as relevant (relevance ratio 1 = -0.38). These relevant messages were related to the learning content presented during the lesson, the course details, the organisers (i.e., teachers and teacher assistants). It should be noted that the mean scores provided by students -sum of likes and dislikesare slightly higher for relevant (x = 1.16) than for non-relevant messages (x = 0.89).
To get a picture of the quality of the contribution of each student, Figure 5 (right) depicts the distribution of students in terms of their relevancy ratio. This diagram shows that many of the students sent mainly non-relevant messages, while just 12 students (out of 68 students who generated any kind of message) sent mostly relevant messages; a significant amount of students sent both relevant and not relevant messages. Figure 5 (bottom) puts both graphs in perspective and relates the students perception about SpeakUp and their behaviour using the app. Those students that considered the app less distracting (4 and 5 in the Likert-scale) where the ones who created more non-relevant messages. On the other hand, those that perceived the SpeakUp as more distracting, contributed with less messages but, in some cases, more relevant ones.
Social interaction (Topic 3)
The teachers [T QUE] perceived SpeakUp as a mechanism that promoted interaction between them and students (µ = 5 in a 5-point Likert scale) and among students themselves (µ = 4.5). Regarding the interaction between teachers and students, the app helped teachers discover and handle important questions and comments. Among the drawbacks, the main concern was that SpeakUp messages required supervision, e.g., to avoid bullying and other interactions detrimental to the class dynamic.
In order to better understand how users interacted during the session, Figure 6 shows the amount of interaction registered in the face-to-face and SpeakUp channels. For face-to-face interaction, we have taken into account the amount of time spent in the communication (extracted from the video observation [R VID]). For SpeakUp interactions we have counted the number of messages and votes generated by the users that were registered in the logs [T COM, S COM, SP LOG]. Figure 6 reveals that the faceto-face channel supported mainly the interaction going from teachers to students, while SpeakUp concentrated most of the interactions between students.
The social network analysis shown in Figure 7 reveals that, far from existing multiple separate groups that interacted mostly among themselves (a common pattern in social networks), the network of interactions was rather dense. This may be caused by the fact of using anonymous users. Since it is not possible to know who sends the message, the user cannot decide to answer or follow just specific people, and mainly reacts to the content post by other users. As it is shown in Figure 7 (right), although 15 students were isolated, the interaction degree (µ = 23.3,x = 14.5, σ = 23.6) is much higher than the number of students that could interact in a physical environment (e.g., 8 peers sitting around). Note that many of the students did not received any vote or comment (in-degree: µ = 29.7,x = 0, σ = 60.9), while, on the other hand, most of the students comment, answer or vote at least once (out-degree: µ = 29.7,x = 10.5, σ = 45.5). 
Teaching style (Topic 4)
As a general schema, the teachers of this course switch often during a same lecture to keep the course dynamic. Figure 8 shows which parts of the session were led by each one of the three teachers [R VID] and the amount of relevant activity during such periods [T COM, S COM, SP LOG]. Although, at first sight there was more activity in SpeakUp during the parts of the session led by Teacher1, it would be necessary to analyse more sessions in order to clarify if there is a dependence with the presentation style of the teacher (e.g., voice level, inflections, and physical language, duration), the support material (e.g., slides, videos, questionnaires, specific apps, ect.) or the specific content of the presentation. What seems to be more obvious is that high levels of relevant activity correspond to those moments when the teachers explicitly asked the students to use SpeakUp for specific learning purposes. Regarding the way teachers used SpeakUp [T QUE], before the session (see Figure 4) , Teacher1 created the chatroom to be shared with the rest of the users. Then, during the session, while one teacher was presenting, the others checked SpeakUp to identify emerging questions or problems, vote (dis-like) non-relevant comments, and delete inappropriate ones. A significant difference between teachers styles [T QUE, R OBS, R VID] is the way they interact with the tool. On the one hand, Teacher2 and Teacher3 did not use SpeakUp while they were lecturing. On the other hand, Teacher1 used it during his slots to satisfy his own teaching needs (e.g., he had a quick look to the messages when there was some noise, and checked in case of questions at the end of the presentation), and to support some learning activities (e.g., he asked students to answer some questions and give their opinions using the app).
As already mentioned in this section, the teachers found several benefits using SpeakUp that supported them in their practice. This tool provided them with awareness of a students back channel, and informed the interventions. However, they also pointed out that managing two simultaneous channels is demanding, specially difficult if teaching alone. Therefore, there is a need for finding an adequate scheme to handle face-to-face and computer-mediated interactions.
6 Discussion, conclusions and future work
In our way towards understanding how to use social media effectively in the classroom, this paper analyses the use of SpeakUp in a face-to-face session with 3 teachers and 145 university students. In particular, we have explored to what extend SpeakUp favored situations that lead to learning, such as active participation (topic 1 -engagement), remaining on-task (topic 2 -attention), and social interaction (topic 3). Besides, we have explored the impact of the teaching style on the SpeakUp usage (topic 4).
The engagement results reveal that, even though the use of SpeakUp was optional, all students attending the session at least accessed the tool once. The clustering of users reveals that there is a gradient of involvement from passive to active users in terms of posting and voting. It should be noted that for most clusters there is usually a 2 to 1 ratio between the number of upvotes and the number of downvotes. Interestingly there is a cluster that we could dub the "SpeakUp police", who are the most active voters of all, and are mostly assigning negative votes in the opposite proportion.
Whereas many students wrote mainly non-relevant messages, compared to the 12 students who contributed mostly relevant messages, there was a significant amount of students who posted both relevant and not relevant messages, which means that using the tool for something else than learning is not just the activity of some bad apples. The results showing that the students with the lowest relevancy scores find the interaction in SpeakUp not distracting, whereas the students with the highest relevancy score find it the most distracting indicates a potential risk for the app usage if the high relevancy students start turning off their app.
One of the SpeakUp advantages highlighted by the teachers, and supported by the data analyses, refers to social interaction. First, students could not only share (doubts, problems, resources) but also comment and vote others contributions, favoring to get answers from peers without waiting for the teachers. Second, the app complemented the face-to-face channel. While most of the time teachers interacted orally with the students, the interaction between students was supported mostly via SpeakUp. Additionally, comparing the number of students reachable in the physical environment (e.g., 8 peers sitting around) versus the interaction degree in SpeakUp (µ = 59.4,x = 20), we may conclude that the tool contributed to increase the social network.
One of the aspects to be discussed is the twofold effect that anonymity might have on engagement, attention and interaction results. On the one hand, the anonymity could increase the usage of SpeakUp, since the students embrace the idea of not disclosing their identity (see Section 5.1). The flip side was that the anonymity brought more nonrelevant messages and required teachers to monitor the activity and intervene in case of inappropriate interaction (e.g. bullying).
Regarding the teacher impact on the student use of SpeakUp, it is noteworthy that when teachers asked the students to use the app in a certain way, the relevancy of the user activity increased significantly. Thus, the teacher role as scaffolding provider could contribute to a more effective use of the app.
Going back to the issue addressed in this case study, we can conclude that SpeakUp favored situations that led to learning, especially in terms of active participation (i.e., engagement) and social interaction. However, dealing with the attention, alternatives should be found in order to foster the appearance of relevant content (e.g., with teacher guidance). Nevertheless, the fact that the case study only covered the first session when the app was used by the students, could have introduce some additional distraction (novelty factor). Thus, it would be necessary to analyse the use of SpeakUp during the whole course, to see how student engagement, attention and interaction evolve. This study is currently under way, and is our most immediate avenue for future research.
